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LETTER OF TRANSMITTAL. 



State Geological Survey, 

University of Illinois, 

Urbana, July 1, 1906. 

Governor C. S. Deneen, Chairman^ and Members of the Geolog- 
ical Commission. 

(xENTLEMEN — I submit herewith a report upon the composition and 
character of Illinois coals by Professor S. W. Parr, of the State 
University, consulting chemist of the Survey, and respectfully rec- 
ommend its publication as a bulletin of the Survey. With Professor 
Parr's report are chapters upon the distribution of the coal beds of 
Illinois by Mr. A. Bement, consulting engineer, and on tests with 
Illinois coals under steam boilers by Professor L. P. Breckenridge, of 
the State University and the Engineering Experiment Station. The 
whole of this report is in a large sense preliminary and the results 
here given are to be considered essentially tentative. It constitutes 
a summary of the best information now available. The Survey has 
been in operation for such a short time that it would be quite im- 
possible to present any such report on the basis of its own investi- 
gations. There have, however, been so many and such insistent calls 
for information regarding Illinois coals that it was thought wise to 
prepare this report for immediate use. The Survey is under ejreat 
obligations to Professors Parr and Breckenridge and to the University 
for permitting the use of material already accumulated. These por- 
tions of the report should be considered the results of co-operation 
between the Survey, the Engineering Experiment Station and the 
Department of Applied Chemistry of the University. 

Professor Parr's studies of Illinois coals began several years ago. 
Preliminary statements of results have been published in bulletins 
of the bureau of labor statistics* and of the University.f In the 

* Chemical analysis and heating value of Illinois coals, by S. W. Parr, Bull., Bureau of Labor 
Statistics. David Koss, Secretary, Twentieth Ann. coal report, 17 pages, 1902. 

t The coals of Illinois; their composition and analyses, by S. W. Parr, University of Illinois, 
bulletin, Vol. I., No. 20, 40 pages, 1904. 
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10 COMPOSITION OE ILLINOIS COALS. bull. 3. 

former were given the results of 260 proximate analyses of samples 
variously collected. In the second the results were based upon 150 
car samples collected mainly by the State Mine Inspectors. The 
samples in the latter case were shipped in canvas bags, and there is 
accordingly no means of determining the original moisture content- 
The results are not altogether satisfactory and steps have already 
been taken to collect a new set of samples upon which future inves- 
tigations may be made. In the meantime to determine exactly what 
investigations should be taken up and what methods should be fol- 
lowed, the old samples have been re- investigated. Much more in- 
formation is needed regarding the real nature of coal and the state of 
combination of its elements. Professor Parr's earlier results had 
shown that coals of the same composition, as measured by ultimate 
and proximate analyses, might dilBFer greatly in character and adapta- 
bility because of the different sorts of bond existing between the 
carbon, hydrogen and other elements, . It is important to know what 
these combinations are and to devise a ready method of determining 
them. The old samples were therefore partially reanalyzed and a 
considerable number of additional determinations made. A new 
classification of coals has been developed which is believed to repre- 
sent a distinct advance. In the present bulletin this classification is 
applied to a large number of existing analyses. It is believed that 
the method here worked out will prove useful in directing attention 
to certain little understood elements of coal, and that with a more 
complete understanding of the material it will prove possible not only 
to burn it with greater economy but also to adapt various grades to 
coke making, gas producing and other uses from which they are now 
shut out. 

The coal fields of Illinois constitute the State's most important 
mineral resource. Extending as they do for 275 miles in a north - 
south direction, and 225 miles from east to west, they include ap- 
proximately 42,900 square miles, a larger area than is included in 
the coal fields of any other American state. They constitute a part, 
albeit the largest part, of the eastern interior coal field, which oc- 
cupies a great shallow structural basin in Illinois, southwestern 
Indiana and western Kentucky. The rocks belong to the Coal 
Measures of the Carboniferous, and are separable into three di- 
vision: (a) Upper or Barren Coal Measures; (b) Lower or Pro- 
ductive Coal Measures; (c) The Millstone grit or Lansfield sand- 
stone. On the accompanying map, plate 1, the L^pper and Lower 
Coal Measures are shown; the Mansfield sandstone being mapped 
with the latter. Near Danville there is a limited area of Permian 
beds, but this is not discriminated on the map. The productive beds 
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are found in the Lower Coal Measures but are extensively mined 
within the area of outcrop of the upper measures by sinking through 
the latter. 

In the reports of the older Geological Survey, 16 coal beds were 
recognized, of which beds 1 to 7 are commonly worked. The de- 
velopments of recent years have raised certain questions regarding 
the accuracy of this general section and the correlation of particular 
beds. ]|t will be the work of the present Survey to determine as cor- 
rectly as possible the true position and extent of each bed. To serve 
present purposes the map constituting plate '6 is presented. On this 
map is shown the distribution of the various coal beds as determined 
by Mr. A. Bement. In the accompanying paper Mr. Bement explains 
the . data upon which the map is constructed. As he states, the 
numbers as now used are essentially local names and very little re- 
liance can be placed upon the supposed correlations between dis- 
tricts. Mr. Bement rather than the Survey is responsible for this 
presentation of the subject. We are under great obligation to him for 
preparing it as well as for a lively interest in the whole investigation 
and many helpful suggestions. 

Not only is the coal field of Illinois the most extensive in any of 
the states but it was the first to attract attention, and its development 
of recent years has been' remarkable. Mr. E. W. Parker* summarizes 
the history of the field as follows : 

''Probably the earliest mention of coal in the United States is con- 
tained in the journal of Father Hennepin, a French Missionary, who, 
as early as 1679 reported a *cole' mine on the Illinois river above Fort 
Crevecoeur, near the site of the present city of Ottawa. Father Hen- 
nepin marked the location of the occurrence on the map which illus- 
trates his journal. It is probable that outside of anthracite mining 
in Pennsylvania and the operations in the Kichmond basin of Vir- 
ginia, Illinois holds the record of priority in production. The earliest 
statement we have in regard to actual mining in Illinois, is that coal 
was produced in Jackson county in 1810 from a point on the Big 
Muddy river. A fiatboat was loaded with coal at this place and shipped 
to New Orleans, but the amount was not stated. Again it is re- 
ported that in 1832 several boat loads were sent from the same vicin- 
ity to the same market. Another record is found stating that 150,- 
000 bushels (or 6,000 tons) of coal were mined in 1833 in St. Clair 
county and hauled by wagons to St. Louis. From 1840 to 1860 the 
bureau of statistics of the State is without any reliable data in re- 
gard to the coal mining industry, although some scattering statistics 
are found in the geological reports published by the government. 

♦U.S. Geol. Survey, Mineral Resources of the United States, 1904, pp. 471-472. 
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The table following bIiowb the statistics of coal production in Illi- 
noiB from 18!{3 to 3904, inclusive, and for the years for which there is 
no special information the production has been estimated by the 
writer." 



Coal productivn of Illinois, 1S33-1904. 
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a Untied States Census, tjscal year. 

The growth in production is shown graphically in ligure 1, based 
upon the data of the preceding table to which is added the produc- 
tion of 1905. The detailed figures for the latter year are given be- 
low. These figures for the calendar year are from statistics collected 
by Mr. Frank Van Horn, of this Survey, in co-operation with the U. 
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S. Geolt^ical Survey. For the sake of comparison the production 
for the fiscal year ending June 30, 1905. is also given. The tiguree 
were collected fey the Bureau of Labor Statistics and are published 
through the courtesy of Mr. David Ross, Secretary. 
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Coal Production of Illinois in 1905. 
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The -present intensity of production in the various counties is shown 
graphically in plate 2, which is based on the figures for the fiscal year 
given above. As indicated by the table the map would be changed 
slightly if the figures for the calander year were substituted. 
These tables indicate something of the growing importance of 
the Illinois coal fields. In the last twenty-five years the pro- 
duction of the State has increased 519 per cent. If the same rate of in- 
crease continues for another quarter of a century the annual produc- 
tion will then be approximately 135,000,000 short tons. The produc- 
tion for the last ten years has increased at even a more rapid rate, 
amounting indeed to 118 per cent. At this rate a production of 80,- 
000,000 tons will be reached in ten years, and approximately 280,000,000 
tons in twenty-five years. This is about the amount of bituminous 
coal now mined and sold in the whole of the United States. It is 
impossible to say what the future rate of increase will in fact be, but 
these figures are at least serious possibilities, and the production will 
undoubtedly very rapidly increase for many years to come. 

While the coal reserves of the State are large, so large in fact that 
no estimate of value can yet be made, they are not inexhaustible. It 
is true that there are mai;y square miles wholly untouched, and that 
few of the present mines work to anything like the capacity 
of the plant. It is none the less sound policy to look for- 
ward to the time when the coal reserves will be much less extensive, 
and even to that far time when they will be exhausted. To make the 
best uses of our resources it is necessary to study, and to improve 
where possible, the methods of finding and mining the coal and of 
using it. The former involves careful studies of the coal in the 
ground; of the stratigrophy of the coal field, the relations of the vari- 
ous coal beds, the roof and floor clay, the contained gases, the under- 
ground water, the various faults, and indeed everything involved in 
the geology of the field and the mode of occurrence of the beds. To 
this end the Survey has taken up (a) a study of the general geology of 
the coal fields, (b) detailed Surveys designed to make out the distri- 
bution of the individual coal beds, to locate the faults and other 
structural features, and to furnish adequate maps for the economical 
development of the area. 

Improvement in the utilization of the coal is not less important 
than more knowledge for locating it. Too much coal is left in the 
ground and too little benefit is derived from that which is burned. It 
is proposed therefore to carry on studies designed to furnish data re- 
garding gas in the coal, the character of roof, of the floor, and similar 
natural phenomena which condition the methods of working, with the 
hope that the actual mining methods may be somewhat improved. 
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In connection with the Engineering Experiment Station it' is fur- 
ther proposed to carry on boiler and other tests in order to learn the 
best method of burning or otherwise using each size and market grade 
of coal. This work will be under the direction of Director Li. P. 
Breckenridge of the Experiment Station, but toward it the Survey 
contributes by selecting and sampling the coal to be tested as well as 
by studying the field relations. 

A large number of boiler trials have already been made of Illinois 
coal. Those which were available were summarized by Professor 
Breckenridge, and are presented in the accompanying tables. It is 
fully recognized that many variables enter into such a table and much 
additional work needs to be done. In particular it is planned to make 
tests of washed and unwashed coal from the same mine; of the same 
coal in diil'erent sizes, and to carry on various other lines of research. 
A single boiler trial, like a single analysis, does not mean much, but 
a series of systematic tests should yield information of the highest 
import. 

A very large portion of Illinois cohI is marketed within the State; 
the remainder is shipped mainly to the north and west. Despite its 
abundance and low price Illinois coal does not command the entire 
market, even within the limits of the State, For example, in January 
and February, 1906, according to the Chicago Bureau of Coal Statis- 
tics, 2,226,596 tons of bituminous coal were shipped into the city, of 
1,606,338 tons were used there, and 620,258 tons re-shipped. The 
coal came from Illinois, Indiana, Ohio, Pennsylvania and West Vir- 
ginia. Illinois contributed approximately 52 per cent, Indiana 27 per 
cent, and the remaining states 21 per cent. Coal from the eastern 
states is sold here partly upon the basis of quality and partly by 
reason of favorable freight rates and low mining costs. It will proba- 
bly never be possible, and it would be undesirable, to entirely elimi- 
nate the movement of coal from the east into the State and across the 
State into the territory where Illinois coals largely dominate the mar- 
ket. It should be possible, however, to materially reduce the amount 
of these shipments, and in particular to see that a much larger por- 
tion of the increasing trade is supplied from Illinois mines. To do 
this requires much closer attention to be paid to the methods of min- 
ing and marketing the coal, particularly as regards its sizing, screen- 
ing and washing. Careful studies should also be made of the de- 
mands of different industries and territories, and of the movement of 
coal. Just how far it may prove possible for the Geological Survey 
to go into this subject is uncertain, but it is believed that there is a 
wide field of usefulness for such studies. Certain, at least, of the 
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topics should be investigated. There is a strong demand in the mid- 
dle west for a coal capable of producing a metallurgical coke. It is 
not impossible that certain of the Illinois coals may prove to be valu- 
able for this purpose, either vrhen coked alone or mixed with cok- 
ing coals. The great importance of such a find warrants, it is be- 
lieved, some investigation. 

The first step in this as in the other lines of work outlined is ob- 
viously a complete knowledge of the character of the coal in the 
ground. Accordingly the raines of the State are now being visited 
by Messrs. J. J. Kutledge, Tom Moses and P. F. Grout, for the pur- 
pose of noting the thickness and character of the beds and of obtain- 
ing a systematic set of samples of the coal taken according to care- 
fully determined rules. This work is still in progress. The new sam- 
ples are to be the basis of the further study of the composition and 
character of Illinois coal supplementary to the present bulletin. This 
is, as already stated, to be regarded as preliminary, and is only de- 
signed to answer the needs of the State until these newer and fuller 
investigations are completed. Trusting that from this point of view 
the present report may be acceptable, I am, 

Very respectfully yours, 

H. Poster Bain, 

Director. 
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DISTRIBUTION OF THE COAL BEDS OF THE 

STATE. 

(By A. Bement.) 

It is the writer's particular wish to emphasize here the need of cer- 
tain lines of work of great commercial value to the people of Illinois, 
rather than to attempt the presentation of any facts or theories 
regarding the Illinois coal field. For this reason an explanation of 
the map showing the areas of the State underlain by various coal 
seams and published here for the first time, will be given with the 
writer's reason for his conclusions, and the authority upon which 
these conclusions are based. 

The numbers used to designate the various coal seams are those 
originated by Professor Worthen in the first Survey, perpetuated by 
the State Mine Inspection Department and frequently published in 
the annual coal reports. With one exception these numbers have 
been employed without question in the preparation of this map. 
This exception is in the case of the seam extensively mined in the 
southern part of Sangamon, certain portions of Macoupin and 
Christian counties, and usually referred to as No. 5. This the writer 
would designate as No. 6, since the No. 5 seam, in Sangamon county, 
north from the mine of the Illinois Collieries Company at the town of 
Chatham, differs in physical characteristics from the No. 6, which is 
worked so extensively in all the counties to the south as far as the 
northern portion of Jackson county. In the latter territory this 
seam may readily be identified by certain persistent and regular hori- 
zontal bands of impurities, the most important of 'which is a band of 
" slate " known as the " blue band," approximately from three-fourths 
to one and one- half inches in thickness and located about two feet 
above the bottom of the seam. Other bands of pyrites are also per- 
sistent and regular. The No. 5 seam, on the other hand, is character- 
ized by the presence of certain fissures extending vertically through 
the seam, filled with hard rock in those cases where the fissures or 
cracks are narrow, and with ''clay" where they are wide. These 
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cracks or fissures, which sometimes extend for a considerable dis- 
tance, are not continuous. They are usually referred to as "horse 
backs." The coal seam in these mines presents a black and appar- 
ently clean face, while the bands in the No. 6 seam are always 
apparent. Thus the impurities in the No. 6 seam may be referred to 
as being horizontal, while that in No. 5 is vertical, and the appear- 
ance of the face of the No. 5 coal suggests that its ash content is 
much lower than with the No. 6 seam. This, however, is not true, as 
the entire ash of the two seams is approximately the same, even 
when the horse backs are excluded from consideration. These two 
seams are often referred to as the ''horse back" and "blue band" coals, 
and as the blue band coal in the greater portion of its important areas 
is referred to as No. 6, the writer considers that it should be bo desig- 
nated over the entire area. 

The Illinois coal seams referred to by the numerical system have 
been designated in their supposed " geological " order, and the impli- 
cation is, that the various horizons have been determined and correl- 
ated. This, however, is not the case, and it does not follow that the 
seam known as No. 5 in Sangamon and Saline counties occupies the 
same horizon. At the best the numbers cannot be regarded as more 
than local names when the State as a whole is considered, although 
the numerical system as now applied is consistent over quite extended 
local areas. 

In the preparation of the map the writer has been guided by the 
state coal reports, has inspected many mines, and has used informa- 
tion afforded by a large number of borings. The beds as shown are 
those of greatest importance in the respective areas as far as now 
known, but it does not follow that future investigation will not justify 
somewhat different mapping. A considerable area has been shown 
as underlain by what is designated as unknown coal. This, as far as 
the center of the basin is concerned, might with some justification be 
regarded as containing seams Nos. 1 and 2, since there appears to be 
reason to believe that these two seams are present in moderate thick- 
ness over at least a greater part of the entire basin. As a working 
hypothesis it may be assumed that the coal beds lying above No. 2 
in the western part of the state, are persistent in extent and thick- 
ness over large areas, and in the eastern portion that all of the seams 
are irregular in both extent and thickness. As a general rule, the 
quality of the coal becomes better with increasing depth, the lower 
seams being better than the upper ones. It also increases in value 
from north to south. Thus the No. 2 seam is better in the southern 
than in the northern portion of the State. 
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All of the important mining is in seams Nos. 1, 2, 5, 6 and 7. 
What are known as 3 and 4 are worked to only a very limited extent 
and produce coal for local use only. The relative importance of the 
different seams as far as tonnage output is concerned is as follows? 
No. 6 being the most important coal producer in Illinois: 

No. 6, 

No. 5, 

No. 7, 

No. 2, 

No. 1. 

Seam No. 1 is worked in three places in the State. The most 
important mining in it is in Mercer county, where four important 
mines have a comparatively large output. It and seam No. 2 which 
lies only a few feet above it at Assumption, Christian county, are 
operated by a shaft 1,008 feet deep, which is the deepest mine in the 
State. This seam is also worked to a small extent in Jackson county 
in the vicinity of Murphysboro. 

Seam No. 2 is mined particularly in the northern part of the State, 
and nearly all the mining there is confined to it. It is known to a con- 
siderable extent as the Third Vein, a name originating many years 
ago at the city of LaSalle. In the majority of the mines it ranges in 
thickness from 8 to 3^ feet and is worked by the long wall method. 
The cost of mining is high, but the coal is hard and strong, and for 
this reason ships well, commanding an important market where a long 
haul is necessary. It arrives in better condition than other and softer 
Illinois coal that could otherwise compete with it. Its market, how- 
ever, is limited to fields demanding coal of this character. 

There is also a small but very important bed of this coal in Jackson 
<;ounty at the town of Murphysboro, producing what is known as the 
Big Muddy coal of an excellent quality, considered to be the best 
mined in the State. 

Seam No. 5 is operated extensively in Pulton and Peoria counties, 
but here it is not thick, averaging generally 4 feet, and for this reason 
cannot compete with thicker coal from other portions of the State on 
xiccount of higher cost of mining. The principal output from the 
vury large number of mines west of the Illinois river is from this 
seam, and shipment is very largely to Iowa and points outside of Illi- 
nois to the west. Around about Springfield and in Menard county, 
also extending north into Logan county, the No. 5 seam is thicker, 
averaging almost 6 feet. The roof is fairly good and mining condi- 
tions ^are favorable, so that there is a large output, especially at 
Springfield. 
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The seam known as No. 5 in Saline county is a very important one, 
and produces a coal of very high quality, equal to some of that from 
the upper seams in Ohio. This is a new field that has heretofore 
taken little x>ai't in production on account of lack of transportation 
facilities ; the Cleveland, Cincinnati, Chicago & St. Louis Railway 
however, has improved its Cairo branch, so that now an excellent out- 
let is afforded. Mining conditions are very good in this locality, al- 
though the seam is irregular in thickness. 

Seam No. H is the large producer of cheap coal; or, in other words, 
the seam which affords the greatest amount of heat for a given sum 
of money. It ranges in thickness from ^) to 8 feet in its known work- 
able area, which is confined more particularly to the center of the 111- 

« 

inois coal field, although a small but very important field exists in 
Vermilion county south of Danville, where the bed is also known as 
the Grrape Creek coal. In chemical composition this seam is not very 
ditt'erent from the No. 5 in the center of the State, being a little high- 
er in moisture. The average ash content of the two seams is about 
the same, but its distribution in No. 6 is dift'erent than in the No. 5. 
In the latter it is more evenly distributed throughout the seam, while 
in No. 6 there is less ash in that portion of the seam which produces 
the lump coal. 

No. 7 seam is operated at three places in the State. In the past, 
the area around Streator, in LaSalle county shipped a very large an- 
nual tonnage from this seam. 

The area over which it was present in important thickness, how- 
ever, being limited, it is now almost worked out; for this reason the 
output has rapidly declined. This field was formerly one of the most 
important in the State, and supplied Chicago particularly with low 
priced coal before seams Nos. 5 and 6 were so extensively exploited. 
There is also an area of this coal to the west of Danville in Vermilion 
county, where there are a few mines which have an unimportant out- 
put. Its principal area, however, is in Williamson and Franklin 
counties, extending also a little way into Jackson and Perry counties. 
Fully one-half of Williamson county is underlain by this coal, and it 
is probable that it is below the surface at workable thickness in the 
greater part at least, if not all of Franklin county. As far as thick- 
ness and quality of coal are concerned, this is by all means the most 
important coal seam in the State, although other localities have trans- 
portation facilities and market outlets which give them an important 
advantage. This seam is the thickest in the State, running quite 
uniformly 9 feet over a greater part of the area, and generally ranging 
from 8 to 12 feet as far as known. A large portion of the fine coal is 
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washed and screened into various sizes and sold in this form, mating 
a very superior fuel, about equal in ash content to the so-called Poca- 
hontas and "smokeless" coals shipped into Illinois from the east, and 
affording some 25 to 30 per cent more heat for a given sum of money 
than obtainable from these eastern coals. 

The importance of carefully discriminating the various coal beds 
lies in the fact that each bed has certain chemical and physical char- 
acteristics which determine the value of the coal and influence the 
methods of mining. 

Coal may be considered as made up of three elements; pure coal, 
ash and moisture. Their relations are illustrated in the following 
equations : 

1. Fixed carbon ) w? 4. ± •*• ^ 
Hydrocarbons [ + JJl^^/^"^ «=°-P°^'*-'' } ^ Pure coal. 

2. Pure coal + ash =^ dry coal. 

3. Dry coal -f moisture -- moist coal. 

If, as the writer believes, the pure coal in any particular seam or 
locality has a constant composition, it should be possible to deter- 
mine it by a certain amount of careful work, after which the value 
could be used as a constant. The ash, however, is a decidedly vari- 
able factor and should have detailed attention. Lump coal from one 
mine may contain more ash than from another, not because of differ- 
ence in the coal itself but by reason of the greater or less amount of 
ash associated with it. Moisture is the most variable of the three 
elements. In Illinois it usually decreases during shipment, so that 
the content of the seam is higher than of the coal as delivered to the 
consumer. The variable factors in the coal are largely controlled by 
the methods of mining, distance of transport and effect of weather in 
marketing, so that it becomes important to know the exact character 
of the coal in the ground and the extent of each seam in order to 
properly meet market conditions. 

To a considerable extent confusion exists because of different and 
often erroneous methods of analysis or of statement of results. This 
matter has been discussed by the writer elsewhere* and Professor 
Parr's paper in this bulletin also takes it up. The importance of the 
matter warrants a few further words on the subject. Because of the 
great variability in moisture especially, it is absolutely necessary that 
all analytical data be presented on a common basis, illustrated in 
tables 1 and 2. 



* Jouroal Amer. Chemical Society, vol. 28, p. 632. 
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Table 1. 



Proximate Analysis. 



1 


Moist 
coal. 


Dry 
coal. 


Pure 
coal. 


Com- 
bustible. 


Moisture 


6.29* 

8.74 

68.06 

50.06 

22.41 

11.09 

3.60 

0.82 

0.76 

1.58 

1.41 

27.53 

72.47 

12,416 








Ash 


9.33 

72.63 

.53.42 

23.92 

11.82 

3.84 

0.87 

0.82 

1.69 

1.51 

22.66 

77.34 

13.250 






Total carbon 

Fixed carbon 


80.11 
58.92 
26.38 
13.04 
4.24 
0.96 


93.90 
69.06 


Volatile combustible 


30.94 


Water of composition 

Available hydrogen 


4!97 


Volatile sulphur 

Fixed sulphur 


1.13 


Total sulphur 

N itrogen 


0.96 

1.66 

14.70 

85.30 

14,613 


1.13 


Total non-combustible 




Total combusti ble 


100.00 


B. T, U . per pound 


17,131 


Table 2. 






• 



Proximate Analysis. 





Moist 
coal. 


Dry 
coal. 


Pure 
coal. 


Com- 
bustible. 


Moisture 


9.91 

11.51 

63.55 

48.42 

18.65 

10.28 

3.03 

0.50 

0.70 

1.20 

1.23 

32.93 

67.07 

11,348 






• 


Ash 


12.78 

70.. 54 

.53.75 

20.70 

11.40 

3.36 

57 

0.78 

1.35 

1.3'i 

25.55 

74.45 

12,596 






Total carbon 


80.87 
61.62 
23.73 
13.08 
3.85 
0.65 


94.73 


Fixed carbon 

Volatile combustible 

Water of com position 


72.20 
27.80 


Available hvdrofifen 


4.51 


Volatile sulphur 

Fixed sulphur 


0.76 


Total sulphur 

N itrojren 


6.65 

1.57 

14.65 

85.35 

14,442 


0.76 


Total non-combustible 




Total combustible 

B. T. U. per pound 


100.00 
16,921 



The constituent here termed water of composition, is that proposed 
by Professor Parr, although the writer finds it necessary to obtain it 
from ultimate analysis. Table 8 presents a comparison of consti- 
tuents of coals 1 and 2, arranged in parallel columns. 
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Table 3. 



Coals. 




No. 2 



Combustible- 
Total carbon 

Fixed carbon 

Volatile combustible 
Available hydrogen . 

Volatile sulphur 

B.T. U 



Pure coal- 
Water of composition . . 

Nitropren 

Total non-combustible. 
B.T. U 



Dry coal- 
Ash 

Fixed sulphur. 
B.T. U 



Moist coal- 
Moisture 
B.T. v.. 



93.90 

69.06 

30.94 

4.97 

1.13 

17,131 



13.04 

1.66 

14.70 

14,613 



9.33 

0.82 

13,250 



6.29 
12,416 



94.73 

72.20 

27.80 

4.51 

0.76 

16,921 



13.08 

1.57 

14.65 

14,442 



12.78 

0.78 

12.596 



9.91 
11,348 



Since determining the composition of coals 1 and 2 the writer has 
made experiments proving the uncertainty and unreliability of the 
volatilization method used to determine "volatile" and "fixed carbon" 
constituents, and has therefore abandoned this feature of analysis, 
adopting a form of proximate analysis shown in table 4. This is an 
analysis of a composite sample made up of other samples taken quite 
generally over one county. In the writer's opinion it can be used as 
a constant for the entire locality and seam, leaving only determina- 
tions of ash and moisture to be made in various sizes of coal shipped. 

Table 4. 



Proximate Analysis. 





Moist 
coal. 


Dr>' 
coal. 


Pure 
coal. 


Com- 
bustible. 


Moisture 


* 13.76 








Ash 


12.25 

65.69 

3.43 

4.26 

1.08 

13.29 

73.38 

26.62 

12,467 






Carbon '. 




74.86 

3.92 

4.86 

1.23 

15.13 

.'^^3.64 

16.36 

14,208 


89.50 


Available hydroefen 


4.69 


Sulpher, less S in ash i 


5.81 


N itroff en i 




Water of composition 




Total combustible 




100.00 


Total non -combustible 






B. T. U. per pound 


10,751 


16,987 



COMPOSITION AND CHARACTER OF ILLINOIS 

COALS. 



(By S. W. Parr.) 



COMPOSITION. 



INTRODUCTION. 



There are two sources of motion on the earth, chemical action and 
gravity. They are the initial forms of power and constitute the 
prime factors in industrial development. Their availability in any 
region is an index of present or potential activity. Of gravity it may 
almost be said that it has become a commodity by reason of its easy 
transformation into electric energy; but the supply in available form 
is localized and its range limited. Chemical energy in its cheapest 
form resides in the coal and oil deposits of the world. Their econom- 
ical transformation is the great problem of the engineer. He has 
been largely occupied with boilers and grates and stokers, but recent- 
ly a marked tendency is evident toward a more critical study of the 
fuel itself. As 'a contribution in that direction it is hoped that the 
accompanying study of the composition and properties of Illinois coal 
will not be without value. 

Decomposition by decay. — Geologically coal is a mineral derived by 
process of decomposition from organic marterial consisting in the 
main of cellulose. We know the products of decomposition of this 
material when submerged to be oxides of carbon, (CO , ) and (CO), 
marsh gas, (CH^), and water H^O). These decompositions do not 
proceed regularly nor always to the same extent. For example, in 
the case of lignite, the breaking down of the vegetal structure has 
not gone so far as in the case of coal. The former may have lost 50 
or 55 per cent, of its original substance, remaining light and of open 
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texture; th^ latter may have lost 65 or 70 per cent, becoming dense 
and compact. These varying degrees of transformation may be illus- 
trated by the following chemical equations: 



Vegetal tissue. 

(1) 5C„H,„0, 
Cellulose 

(2) 6C«H„.0« 
Cellulose 

(3) 7C«H,oO. 
Cellulose 



Loss by decomposition. 
6 CO, + CO -f 3CH4 ^ 
Carbon oxides Marsh gas 



8 H,0 
Water 



Coals. 
Lignite 



SCO, + CO + 5CH4 + IOH2O + C„H,o03 
Carbon dioxide Marsh gas Water Bituminous 



8 CO, + 

Carbon dioxide 



4CH, 

Marsh gas 



4^ 19H3O + C3oH,«0 

Water Semi- 

bituminous 



From these equations we note that, assuming the original vegetal 
tissue to be in the form of cellulose, the products of decay are ap- 
proximately the same in character, but vary in amount, while there 
remains a compound of indefinite chemical composition, yet which 
conforms in a degree to the hypothetical molecules as designated 
under the general heading of "coals.-' 

We may further illustrate this transformation by the accompany- 
ing diagram, which also gives an idea of relative values involved in 
the transformation. 




Ac^c?pTec/ from Nev\/bernj 

Fig. 2— Loss by decomposition in coal formation. 

Decomposition hy destructive distillation. — The routine through 
which vegetal matter has passed in arriving at the coal state may 
have in itself but little practical interest. No small amount of value, 
however, attaches to the information which may be thus developed 
concerning the properties, classification, etc., of the residual coal pro- 
duct. If we take these substances, for example, and subject them to 
high heat out of contact with the oxygen of the air, a new set of pro- 
ducts will result. As in the case of decomposition by decay, so here 
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decomposition by destructive distillation may be illustrated by means 
of chemical equations. If, for example, we subject a piece of wood 
in a retort to a red heat, the decomposition will proceed approximately 
along the lines indicated as follows: 



2C«H,„0. 


IOC 


C,H40a 


8H,0 


Cellulose 


Charcoal 


Pyroligneous acid 


- Water 


KXh 


37-^ 


20;< 


43;^ 



If we take the hypothetical coal molecules as developed by the 
equations in table 1, which are here considered as pure coal, i. e., ash 
and water free, and subject them to the same sort of decomposition 
by means of heat, we would have results of a somewhat similar nature 
and approximately as shown in table 2, thus: 



(1) 



(2) 



(3) 





Table 2. 






Coals. 

1 


Coke. 

1 


Volatile matter. 


CaoH^.j^-'i 


14C 


C«H,4 


4 H3O 


Liprnite 
ICXK, 


Fixed Carbons 


Hydrocarbons 
2&. 


Water 

23'^: 


^ 23 1'^ 20 *• '3 

Bituminous 
lOO', 


16C - 
Fixed Carbon 
58^ 


Ci, H,4 

Hydrocarbons 

26^; 


3H2O 

Water 

16< 


C:,„H,oO = 

Semi- bituminous 
lOOr* 


26C + 
Fixed Carbon 
79.6rv 


C,H„. -h4H T 
Hydrocarbons 
15.85^ 


H,0 

Water 



These values may be also shown in their quantitive relations by a 
figure similar to that used to show the relative decomposition pro- 
ducts due to decay as in figure 3, thus: 



Pkjure 8. 



S^m/- 



Ce/Mose Pecft Lfan/Te Biturnns Bjtum'ns Anthrocite 



Volatile 
Ma her. 




OSS 6u beo/oc?/co/ Pn cesses 



COi. CH^^ 



^i^fy^f 



r/xed 



CO. HaC 




c/istt/^lSSl' 



Carhor? 




•rheof- etc 



/ 



Figure 3— Loss by various geological processes \u co^YioxTcv^NAaw. 
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These various type products or coal molecules as developed in table 
1 and figure 2, and further illustrated in table 2 and figure 3, have 
their counterparts in actual coal conditions, as shown by analysis. 
For example, the hypothetical molecules labeled "lignite," "bitumin- 
ous coal" and "semi-bituminous coal," have these particular elements 
present in corresponding ratio in the various coals when the same are 
considered as exclusive of ash and water. By augmenting these 
molecules, therefore with ash and water in amounts corresponding to 
their respective types, this relation to percentages obtained from an- 
alysis of actual coal samples, may be shown as in table 3. 





Table 9 






« 






I 


'URE Coal 

VOLATILE 


#• 


Extra 
mate 




Description. 


Fixed 
Carbon. 


MATTER. 


neous 




Combus- 
tible. 


Non- 
combus- 
tible. 


jrial. 


Lignite. 












t 

Theoretical 

Co Hn., O44- Ash + Water 


UC^ 


Co Hi, r 


4H2O + 


Ash -f 


Water 


Percentages 


42.4 


21.6 


19.1 


2.7 


14.0 


Commercial 

Analysis of sample 


41.3 


20.3 


21.6 


2.7 


14.0 


Bituminous. 












Thoretical 

C.o H,„ 0. -^ Ash + Water - 


16C-i- 


Cb Hi4 + 


3H,0 + 


Ash4- 


Water 


Percentages 


49.3 


22.0 


13.6 


8.0 


7.0 


Commercial 

Analysis of sample 


49.4 


21.6 


14.0 


8.0 


7.0 


Semi-Bituminous 












Theoretical . 
C30H.0O I Ash f Water- 


26 C -r 


4H 
C4 H,„ + 


H,0 + 


Ash-h 


Water 


Percentages 


76.1 


15.1 


4.3 


3.5 


0.9 


Commercial 

Analysis of sample 


76.8 

1 


14.5 


4.2 


3.5 


0.9 



An examination of this table shows that a close relationship exists 
between the suggested composition of the pure coal molecule and the 
actual comi)08ition as developed by analysis. The particular con- 
stituent that calls for further consideration, is the volatile matter. 
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VOLATILE MATTER. 

In volatile matter it is evident that two distinct types of com- 
pounds exist ; the one is composed of certain compounds of carbon 
and hydrogen, or hydrocarbons, which are combustible; the other, a 
compound of hydrogen and oxygen in the proper ratio to form water 
and hence non-combustible. It is manifestly inaccurate and mis- 
leading to apply to these products as a whole the term "volatile com- 
bustible." If the second of these constituents, the non-combustible 
part, were small in amount or constant as to quantity, it would per- 
haps not need special discussion. This condition indeed is ap- 
proached in the semi-bitumiuous type of coal. The sample under 
this heading in table 3 is the well known Pocahontas variety. The 
composition as determined by proximate analysis, is as follows : 

Analysis of Pocahontas Coal. 

Ash 3.5(K 

Moisture 92'^ 

Volatile matter 18.7(K 

Fixed carbon 76.88?^ 

Total 100. 0(K 

Now if we analyze still farther the volatile matter we shall find: 

Combustible hydrocarbons 14.5 < 

Non-combustiole hydrogen, oxygen and nitrogen 4.2 < 

Total 18.7a. 

It will be seen from this that over 22% of the volatile matter is 
non-combustible, but as this constitutes but 4.2% of the entire coal sub- 
stance, it may be considered of small moment and only a minor error 
is involved in classifying the entire volatile matter as "combustible." 

With the above, however, compare the composition of a coal of the 
bituminous type, also made use of in table B under the same heading: 

Average of Ten Illinois Coals. 

Ash 8.00< 

Moisture 7.00^ 

Volatile matter 35. 60?^ 

Fixed carbon 49.40^ 

Total 100.00-i 

By further examination of the volatile matter we find : 

Combustible hydrocarbons 21.6 < 

Non-combustible hydrogen, oxygen and nitrogen 14.00< 

Total 35.60^ 

Here it is evident that a much larger part of the volatile matter, 
equalling 14% of the entire coal, or 40% of the volatile matter itself is 
non-combustible. 



iiSi COMPOSITION OP ILLINOIS COALS. [BDLL. 3. 

The lignites also are of interest in this connection. A sample of 
the material from North Dakota upon analysis shows results as fol- 
lows: 

Lignite. 
Ash.. 2.n: 

Moisture.- 14. 12-. 

Volatile matter 41.BK 

Flied carbon 41. »; 

Total 100. OOr. 

Combustible hydrocarbons 20, 2»-, 

Nun -combustible hydrogen, oxygen and nilroden 21.835 

Total 41.91': 

It will be seen that 47'/(, of the volatih^ matter or 2l.ti'6'^ of the en- 
tire coal includeil in the volatile matter, is non-combustible. In fig- 
ure iJ this feature is illustrated, with a rather approximate indication 
of relative amounts, by thedottediine which divides the volatile mat- 
ter into two parts; the non-combustible portion being above the line, 
and the combustible below. In order, however, to show more clearly 
the ratio of non- combustible to the total volatile matter, refei 
should be made to figures 4, 5 and fi. The same type samples 
used with the percentage constituents as found by actual analysis. 




(Pocahontas) coal. 



riLE MATTER IN COALS. 
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It should be especially noted that such a segment of a circle is taken 
as will represent the correct percentage part of the whole for the or- 
dinary ''volatile matter", exclusive of moisture, ash and fixed carbon. 
In plate 4 the same ratios are indicated by square areas. 

The conditions illustrated suggest a number of queries. For ex- 
ample, what constitutes the proper fuel unit? It is not the coal 
as mined or delivered, because the content of moisture varies at 
every stage of transportation and handling. Moreover, both the 
moisture and the ash are to be looked upon as extraneous and inci- 
dental to the pure coal and not an integral part of it. They take no 
part in the combustion, hence the custom would seem to be erroneous 
of drawing the line of division here, and calling the ash and water 
the ''non-combustible" and all the "ash and water free" portion the 
^'combustible," and making use of this latter as the fuel unit. The 
error involved in the procedure is evident from the illustrations above 
given. In the case of Pocahontas coal, the difference is slight and 
the error smajl, and although over 22 per cent of the volatile matter 
is non-combustible, it constitutes only 4 per cent of the entire coal, 
hence the error resulting from this method of reckoning is not so 
great. By this method the engineer would calculate that 105 pounds 
of Pocahontas coal would make 100 pounds of combustible, i. e. as 
"ash and water free." In reality were the calculations based on the 
material present which actually burns, it would require 109.4 pounds 
to make 100 pounds of this true combustible. When we consider Ill- 
inois coal by these two methods of calculation, it would take 119 pounds 
to make 100 pounds of "combustible," considering that division as 
made on the usual "ash and water free" basis; whereas it would take, 
in fact, 141 pounds of coal to make 100 pounds of constituent that 
would actually burn. Here the error of basing the fuel unit cm the 
"ash and water free" part is more evident. When we come to lignites 
the difference is still more striking. The common method of calcula- 
tion would call for 120 pounds to yield 100 pounds of so-called "com- 
bustible"; whereas in fact, 1()2.5 pounds are needed for each pound 
of real combustible. By grouping these facts in a table the difference 
may be more readily compared. 
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Table 4. 
Calculation of Fuel Units. 



Kind of coal 



Pocahontas 



Number of pounds of ordinary coal 
required to make 100 pounds of 



"Ash and water 
free" or so called 
"combustible," 
as commonly 
calculated. 



Illinois 



Lignite. 



104.62 
119.00 
120.23 



True fuel : i. e. 
ash, water and 
non -combust- 
ible volatile 
free. 



109.43 



Error of com- 
mon method 
in pounds of 
commercial 
coal per 100 lbs. 
actual com- 
bustible. 



141.00 



4.81 



22.00 



162.49 



42.26 



Note from this table as indicated by the first column, that the 
steaming efficiency of a pound of lignite should be practically equiva- 
lent to a pound of Illinois coal, also that the handicap awarded Illi- 
nois coal in comparison with Pocahontas coal is less than one-fifth 
of what it shouJd be. The true relations are properly indicated in the 
second column. 

One other point may be worth mentioning in this connection. The 
gas engineer, for example, buys coal with an indicated analysis of 35 
per cent of volatile matter. The yield of gas per pound when put to 
practical test is not so great as another lot showing only 19 per cent 
of volatile matter. He is aware that the condensation products such 
as tar, etc., are greater in the first case, but it is not conceivable that 
practically half of the volatile matter goes into tar. A little examina- 
tion of figures 4 and 5 will offer a more rational explanation. It may 
be also suggested in this connection that by making a study of figures 
5 and 6 in conjunction with table 3 in the matter of volatile matter of 
the combustible sort there is raised the question as to whether lig- 
nites might not enter the field as gas producers, at least in competi- 
tion with coals of the bituminous type, especially when we consider 
the lower percentage of sulphur and condensation products. 

It would seem desirable from consideration of what has preceded, 
that certain additional factors be introduced into our ordinary chemi- 
cal results. This is not a simple matter, where methods have been 
long established, and especially where they have become the basis for 
calculations in other lines, as in steam engineering. 

Two methods of procedure suggest themselves. First, we may 
obtain all our factors for coal by the methods of ultimate analysis. 
Such results would enable us to deduce the ratios used in illustrating 
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the errors already pointed out, and it may be fairly presumed that if 
such results had always been as easily available as those by proxi- 
mate analysis, the former would have furnished the basis for estab- 
lishing fuel units and all other data connected with coals. Indeed a 
large part of the argument in favor of retaining the method of proxi- 
mate analysis, resides in the facility with which such results may be 
obtained as opposed to the greater elaboration and manipulative skill 
required for ultimate analysis. More than this the proximate analy- 
sis brings out certain indispensable factors such as the fixed carbon 
content, which would not appear if ultimate methods alone were used. 

The second method of procedure to be suggested would be to add 
to the customary constituents as ascertained by proximate analysis, 
some further factor or factors reasonably convenient of determination, 
and which would also furnish the complete information desired. 

These conditions seem to be met by adding the factor for the total 
carbon content. The chief argument in support of this position re- 
sides in the fact that it may serve directly in the determination of the 
available hydrogen, and having this factor, the percentage content of 
each of the three elements concerned in combustion would be at hand, 
viz., carbon hydrogen and sulphur. 

AVAILABLE HYDROGEN. 

By available hydrogen is meant that part of the hydrogen content 
which is free to enter into combustion with oxygen for the produc- 
tion of heat, as distinct from that hydrogen present which already 
has, as a constituent part of the molecule, the necessary equivalent 
of oxygen for the formation of water and consequently non-combusti- 
ble and inert so far as heat producing properties are concerned. 
Given, therefore, the total carbon in addition to the usual constitu- 
ents resulting from proximate analysis, the proposition before us is 
to deduce the available hydrogen. 

If we examine the reactions in table No. 2, where the conditions 
correspond to those under which the proximate method is carried on 
involving destructive distillation, we note that the volatile hydrocar- 
bons tend to conform to certain combinations for any given type of 
coal; indeed there seems to be a certain kind of uniform progression 
running throughout all the reactions, from the geological decomposi- 
tion processes to the ultimate result of destructive distillation. 

In table No. 2, for example, reaction (2) illustrates by chemical 
equation almost exactly the composition and decomposition products 
of a particular sample of Illinois coal. If we put into similar form 
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the results from a number of actual analyses, and include in the 
series the extremes of the Illinois type from those approaching the 
semi-bituminous to those bordering on the lignitic form, we shall 
have a series of reactions as below. To make more evident the pro- 
gressive nature of the reactions, there are added two columns show- 
ing in each instance the ratio between the volatile carbon (v c) and 
the total carbon (C), and between the available hydrogen (H) and 
the volatile carbon (v c). By volatile carbon is here meant that part 
of the carbon which is joined with hydrogen to make some member 
of the hydrocarbon series as distinct from the fixed carbon, which is 
the chief constituent of the coke. The sum of these two forms of 
carbon of course equals the total carbon. 



V c H 



c 


V c 


16.6^ 


28^ 


20^ 


2-* 


27.75e 


20^ 


29.25^ 


19.45( 


S9< 


16.5^ 



Table 5. 

Bituminous Coal. Hydrocarbons. Water. 

;a) Cx„H,e03 Cx5+C3H,+,H f 3 H,0 

b) Ci^hiinU^ '— Cao ^C4Hi„-f-2H -r 3 HjO 

IC) CimHihOs Cia+CsHia f- 3H5() 

fd) C33H30O3 Cie+CeHi4 + 3 H2O 

[e) C1HH23O3 Cii+Crtlie + 3 H2O 

These reactions are illustrative merely, but they have their coun- 
terparts in actual coal samples. The last two columns show in per- 
centage form the carbon and hydrogen ratios. The ratios of volatile 
carbon to total carbon increase from 16. 69^? to 39%, while in a de- 
scending series the ratios of the available hydrogen to the volatile 
carbon vary from 28% to 16.5%. This suggests a curve in which the 
abscissae shall be ^ and theordinates ^^. Knowing therefore in 
any given case the factors for volatile carbon, there is indicated from 
these ratios and by means of such a curve, the percentage part the 
hydrogen is of volatile carbon. In the accompanying diagram (Fig. 7) 
curve No. 1 is drawn in accordance with the above type reactions of 
table 5. 
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^Dtage ratio of bydrOBCn 






and Id compouDds of the paraflinc 

But another element in addition to these carbon ratios enters into 

the case. We are accustomed to look upon the volatile constituents 

of coal as being more or less closely connected with the paraffine 

series, CnHjn+s- This suggests a possible uniformity o£ relation be. 

tween these two elements, independent of the carbon ratios. If we 

tabulate a few members of this series we shall have results as follows: 

cethe hydroRen by weight, 
■sihe tiydioRen by weight, 
csthe hydrogen by weiiihl. 
is Ihe hydrogeD hy weight, 
rs the hydrogen by weight. 
IS Ihe hydrogen by weight. 



nC , 





























le hydro 



□ by weight. 



Curve No. 2 in figure 7 is the expression of this series of com- 
pounds. It is located with respect to the carbon ratios, ^ , in this 
manner: The last reaction (2) of table 5 shows the corresponding 
compound C7H1S., but by the conditions of the equation the volatile 
carbon in CtHu is '6^.2% of the total carbon, Cig, hence that point 
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where the ratio of -^ is 39.2% should be designated as the ordinate 
of -^ or 5.25; (5.25 + 16 = C7 or 84). Similarly from equation (d) 
CflHn 8hows-^='5.14, and this ordinate should be located at the 
point where ^ = 29.2 and so on to the first equation (a) where 
-^ = 3.6 and -^ - 16,6, thus locating the multiples 3.6:, 5.14, 5.25, etc.. 
respectively at the carbon ratios, 16.6, 29.2 and 39.2. The chief 
modification ascribable to this series, as expressed by curve No. 2, is 
due to the fact that in the higher ratios the increase grows less and 
less, the volatile carbon never reaching sis times the hydrt^en; the 
curve therefore approaching continually the horizontal. In the lower 
members the rise which naturally is abrupt is accentuated by the 
tendency of the molecule to break down, yielding free hydr<^n. This 
introduces a slight variable toward the extremes of curve 1, raising 
slightly its value at the upper end and depressing it at the right, as 
shown by the dotted line. 










































































RATIO OF VOLflTILC CflRBOn TO TOTAL CflRBOM-^ 
KiG. 8. Curve for calciilatinK available hydronen in coal. 

For convenience in use. therefore, these two curves are combined^ 
into one resultant as shown in figure 8. Any such curve must of 
necessity he largely empirical, but the above illustration of some 
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of the methods which have entered into its development may otfer a 

partial justification for its form. 

It will be seen, therefore, that by having the total carbon factor in 

connection with the usual results from proximate analysis, we have 

vc = C - fc (total carbon minus fixed carbon), and from this we develop 

the ratio of ^ . The curve index of ^ x vc = "H". An illustration of 

the use of the curve is as follows: In the following table Alabama coal 

No. 1 shows f c - 53.71 : C ^ 72.16 ; hence vc ^ 18.45 and ^ ^ f^^e ^ 25.56. 

By reference to figure 8 this reading of the abscissa indicates on the 

curve that 21.*6^/( of vc-H, i. e., .213x18.45-3.93 or the percent of 

the available hydrogen in the coal. 

Slight deviations from the curve, which refers to bituminous coals 
proper, are met with in the case of lignites and coals of the cannel 
tyije. These are provided for in the subsidiary curve b, c and d. 
Their use is illustrated under the topic " Variations from the Bitu- 
minous Type.*' 

VARIATIONS FROM THE RITUMINOUS TYPE. 

For indicating variations from the true bituminous type, the inert 
volatile matter is an all important factor. It is better if it be brought 
as near as possible to the oxygen -hydrogen basis and referred to the 
ash and water-free or pure coal condition. This is accomplished, as 
already indicated, by subtracting from 1(X)% the sum of the total 
carbon, available hydrogen, ash, water and sulphur, and dividing this 
by 100%, minus the ash and water. The result shows a striking 
uniformity in that the percentage of combined water from this type 
of coal falls almost entirely within the range of from 11 to 16% of 
the pure coal. These variations, however, are to be noted. As we 
approach the lignitic end, where the ratio of volatile carbon to total 
carbon exceeds 27%, we may find an accompanying ratio of inert 
volatile exceeding 16%. If it falls between 16 and 20%, or between 
20 and 30%6, we are dealing with lignites proper and shall need to 
correct our factor for available hydrogen by reading from the sub- 
sidiary curve ''d," figure 8, if the ratio of combined water exceeds 
20%, and from the curve "c" if between 16 and 20%. This is in 
accord with the equations already used for illustration (Table 5) and 
agrees with the well-known fact that as the oxygen content of lignites 
increases, the factor for available hydrogen decreases. 

Another deviation from the true bituminous type is met with which 
has opposite characteristics. These are of the cannel type and have 
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a carbon ratio in excess of 'i2fo, but a combined water ratio of from 
8 to 11%. These should have a corresponding increase in their index 
factor, and this is indicated in figure 8 by the curve marked "b." 
These variations have entered into the computations for the table. 

In the subjoined table, fairly representative types of coal have been 
taken for illustrating the adaptability of the above method for indi- 
cating the available hydrogen from proximate results where the total 
carbon is also included as one of the factors. In this table the 
method for Ending the hydrc^en by means of the curve, as in the 
first hydrf^n column, has beee indicated above, page 41. In the 
next column, the hydrogen from ultimate analysts equals the total 
hydrogen j-. The column for hydrf^en catcultated from indi- 
cated calories is found thus: 



-180SnC + 2;TOS 



= H. 



To test the adaptability of the curve the results from the St. Louis 
Testing Plant, and also by Lord and Haas,* have been added, and 
also the data on coals as published in the last Report of the Michigan 
] Survey, Vol, VIII. 

TABLE VI. 



From Report of Coal Testing Plant, St. Louis, 1904\. 
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From Report of Cotil Testing Plant, St. Louis, 1904 — Concluded. 
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Part II. 

Results liy Lord and Haas*. 
Upper Freeport Coal, Pennsylvania and Ohio. 



. East Palestine. Ohio... 

. Earn Palestine, Ohio.. 

. Waterford. Ohio 

. Yellow Creek. Ohio.... 

. Steubenvllle. Ohio 

. CambridBe, Ohio. 

. Steubenville. Ohio 

. Sallnevllle, Ohio 

'. N.Galilee, Pa"!!!:;;.*:: 

Average 
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' Tabic VI, Part 77— Concluded. 
Pilfaburg Coal, Pennsylvania. 
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Middle Kittarniirtg i Dnrlingfon Coal), Peiinsi/lv<. 
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Middle Kittanniruj (Hocking Valley Coal) Ohio. 

2,t, HocltinRLump,... .,, 69 42' 19,101 ST. 51 19.6 3.74| 3.32, 3,58 

30, Hunofmlne I B6,50; 16.9B 25,50; 21,21 3.621 3 22, 3.1* 

31, Hookme lump ' 6S,18l 19 13 as OS 19,2. 3.fl7i 3.48 3,10 

32, AveraRe , .68.03118.39127.03' Ifl.fll 3.66! 3.34! 3.27 

Thacker Coal, West Virginia. 



u. 


E 


n of mine 


■::::::: ;::::-;::: ::::'|:|||||:| 


19. i 


4,251 


•II 








Pocahontas Coal. 
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Mahoning Coal. 
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Table VI, Part J J/— Concluded. 



Michigan Coals*. 
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A graphic illustration of the relative values obtained as in table 
VI. is shown in figure 9. The values for hydrogen, calculated from 
the indicated calories, have been arranged serially to correspond with 
the numbers in table VI., represented by the straight line. The 

hydrogen as developed from ultimate analysis (H g-) ie locatetl 

above or below this point in tenths of a per cent and indicated by 
a dot, connected by a continuous line. 

The hydri^en as indicated by the curve is similarly located with 
reference to the hydrogen from indicated calories and is shown by the 
small circle, connected by a dotted line. It should be noted that 
divisions above and below indicate variation of 0.1^. Divisions 
horizontally are without significance. The figures at the lower mar- 
gin of the chart refer to the corresponding analysis in table VI. 
Alternate numbers only have been taken as being sufficient for the 
purpose of illustration. The complete comparison is available in 
table VI. 

•Michigan Geol. Surv., Vol, VIII., pp. 107-119. 
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Fio. 9.— CumpariBon of the values of available hydtoeen as determined by various 
methods. 

In the above table we have tested the adaptability of the curve to 
upwards of one hundred samples of coal widely distributed through- 
out the United States. In comparing the available hydrogen thus 
developed with the hydrogen obtained by ultimate analysis, it would 
appear that the results on the average are quite as accurate as those 
by the latter process. Whether this will satisfy all the uses to which 
the factor for available hydrogen is desired, may not now enter into 
the question. It seems fair, however, to assume that it may be made 
use of in developing the factor for the non- combustible part of the 
volatile matter. 

INERT VOLATILE MATTEB. 



If now we have the available hydrogen and assuming that we have 
the total carbon, together with the usual data of a proximate analy- 
sis, the inert volatile matter may be found by subtracting from lOO^c 
the sum of the total carbon, available hydrogen, sulphur, ash and 
water. To have any value for comparison, however, this remaindei 
should be reduced to the pure, or ash and water free coal, by dividing 
by one hundred, minus the ash and water. To illustrate the use oJ 
this factor the same coals as in table VI. have been tabulated, givinf 
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the nsnal results as obtained by proximate analysis, and by addition 
of the factor for total carbon, deducing the column for the hydn^en, 
the carbon ratio and the inert volatile matter. 



Part I. 



From Report of C'oal-Tesiing Plant, St. Louia, 1904. 
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Table TT/— Continned. 
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Results by Lord and Haas, Tr. Am. Inst. Min. Ecig:,, Vol. 2 

Upper Freeport Coal, Ohio and Pennsylvai 
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Middle Kiilanning {Darlington Coal), Pennsylvania. 
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Tahlf TV/— Concliuled. 
Tkacker Cord, Wpnf Virginia. 
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CLASSIFICATION OF COALS. 

In the discuBBion that has preceded, the attempt has been made to 
illnstrate the progressive nature of the decompoBition that has re- 
siilted in coal aB we find it. The fundamental properties of the 
material, those which relate to quality and behavior are directly 
involved in the ratios and percentages of the decomposition products 
as already outlined. A scheme of classification, therefore, to have 
any intelligent significance should be an expression of these proper- 
ties. It should be susceptible of practical or commercial interpreta- 
tion and at the Bame time be based on scientific data. 

The scheme of classification at present most widely recognized is 
that proposed by Fazer,* It has the merit of being intelligible from 

• Ttans. Amei. Inst. Ming. Engts,. Vol, VI, p. 430, 

—G S 4 
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the industrial standpoint. It does not, however, embody certain 
phases that seem desirable from the standpoint of our discussion 
thus far. Indeed, in his recent admirable defense of this classifica- 
tion,* he says: 

*' I emphasized the importance of separating the water from the 
volatile combustible matter before attempting the calculation of a 
fuel ratio and subsequent classification. That this subtraction was 
not embodied in ^ny of my tables was, because there were no data 
from which to obtain it." 

The method of classification herein proposed makes prominent use 
of that part of the volatile matter which is variously designated as 
inert or non-combustible, or as "water of composition." But this 
factor alone would be misleading unless taken in conjunction with 
some of the ratios expressive of the relation between the carbons as 
indicated by their behavior under process of destructive distillation. 
It is proposed by Campbellf to base a classification on the ratio of 
the total carbon divided by the totaL hydrogen. The argument for 
the use of the total hydrogen in such a ratio seems illogical and at 
variance with all the facts attending the property of coals. Espe- 
cially is this true at the lignitic end of the series. Certain it is that 
the hydrogen there has a different meaning from what it has at the 
semi-bituminous end. To include the hydrogen of the moisture is to 
build on a variable that would make it impossible for any one else to 
reproduce the classification who could not duplicate the exact method 
of sampling and transmission. With the finely drawn distinctions 
in the resulting ratios a sample of coal might fall into as many diff- 
erent classes as there were analysts who examined it. It fails also 
to make use of one valuable fact developed by the usual method of 
proximate analysis, and that is, the relation of the volatile hydro- 
carbons to the total carbonaceous material. This, it would seem, 
comprises such fundamental properties, both with reference to its 
chemical structure and to its performance in actual use, that no sys- 
tem of classification could have much value that ignores it. These 
objections all become accentuated when samples approach the lignitic 
type. It does not seem possible that these divisions can be properly 
considered without taking into account the factor for combined water, 
the "residual cellulose" if we may so designate it. On this point 
again we quote from Frazer§: 



* Bulletin Amer. Inst. Ming. Engra., March, 1906. 

t Report of Coal Testing Plant, U. S. Geoi. Survey, St. Louis; Prof. Pap. U. S. Geol. Sur- 
vey, No. 48, Pt. 1, pp. 156-173. 

S Bulletin Amer. Inst. Ming. Engrs., March, 1906, p. 244-245, 
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'* It may well be that other factors than carbon and hydrogen will 
some day furnish the means of a further differentiation of lignites, 
brown coals, peats, and cannel coals." This seems to be thoroughly 
borne out by a study of the part this water of hydration or inert vol- 
atile matter plays as set forth in the preceding tables. 

It is proposed, therefore, to base a classification on the divisions 
indicated in Fig. 8, and in tables VI. and VII. Above the bitumi- 
nous type, the classes are distinguished by the carbon ratios only,^ 
in which "vc" is the volatile carbon unassociated with hydrogen, and 
" C " is the total carbon as determined by analysis. Within the bitu- 
minous type when the ratio reaches approximately 30%, the differen- 
tiation into black and brown lignites is made by bringing into the 
consideration the percentage constituents on the pure coal or " ash 
and water free " basis of the water of composition or inert volatile 
matter. 

Briefly outlined, the plan proposes to retain the old nomenclature 
but to base the divisions upon the ratio ^- As an illustration of the 
argument for this ratio it may be noted that it seems to surpass other 
proposed ratios in the sharpness of distinctions at both ends of the 
table. For example, no sample is met with in either the St. Louis 
report or the results of Lord and Haas, as listed in table VII. where 
the ratio —^ occurs between lo^c and 20%, thus indicating a positive 
line of demarkation between these classes. The semi-bituminous 
class groups very closely about a ratio of 10 to 11%, while the bitu- 
minous class in no instance drops below a ratio of 20% . The subdi- 
visions of the bituminous type are made primarily with reference to 
the carbon ratios, but with further reference to the percentage in the 
pure coal of the non-combustible volatile matter. That is, subdivi- 
sions A and B have their carbon ratios between 20 and approximately 
30%; but A represents the richer coals in volatile combustible as 
shown by the lower percentages of inert volatile matter, being below 
10%, while B includes the leaner sort, having above 10% of inert vol- 
atile. Similarly subdivision C represents the coals richer in volatile 
matter and are located with reference to their available hydrogen by 
the subsidiary curve "b". They have a high carbon ratio, from 32% 
to 44% and an inert ratio of below 10%. The subdivision D has 
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approximately the same carbon ratio but an inert ratio of from 10% 
to 16%. The further increase in this latter ratio marks a type of 
sufficient distinctness to be classified separately as lignites. Here 
again, by making use of the inert volatile percentage, this class sub- 
divides rather sharply into the black lignites, having from 16% to 
20% of combined water, while the brown lignites have above 20% of 
that constituent. The tabulation of the coal results from the St. 
Louis Testing-Plant afford further illustration of this scheme. 

The coals listed under the final subdivisions are arranged with ref- 
erence to the inert volatile matter, but that factor should not determine 
altogether their order in the several classes. Here probably should 
come in the notion of value as determined by some factor which 
would involve all the elements. Probably a better arrangement 
would be to list, therefore, in the order of their calorific values in the 
final class subdivisions. All ratios in the tables are given in per- 
centage form. 



PROPOSED OUTLINE FOR CLASSIFICATION OF COALS. 



f Antbracitic 



Anthracites Proper 
-{ Semi- Anthracite 



Coals 



, Semi-Bituminous 



Bituminous. 



Bituminous Proper 



Brown Lignites 



] 



vc 
Ratio — below i^. 
C 

vc 
Ratio — between 4% and 85^. 
C 



( vc 

i Ratio — from 10^ to 155«. 

( . C 



r A- 



vc 



Ratio — from 20^ to 32^. 
C 



I 

LInert Volatile from h^ to lOf^. 

f vc 

Ratio — from 20f; to 27*. 
BA C 

Jnert Volatile from 10^ to 16<. 

f vc 

I Ratio — from 32< to 4i^. 
C-{ C 

[inert Volatile from 5?^ to 10^. 

f vc 

I Ratio — from 27^* to U'i. 
D^ C 

I 

LInert Volatile from IO1' to 16<. 



r vc 

I Ratio — from 27-^ up. 
-{ Black Lignites -! C 



L Inert Volatile from le?^ to 2(K. 

f vc 

I Ratio — from 27^ up. 

^ C 



[ 



Inert Volatile from 20r* to 3(y;. 
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CLASSIFICATION OF COALS, ST. LOUIS TESTING PLANT, FIRST REPORT. 

TABLE VIII. 
Anthracites. 

vc 
Ratio — below 0. 
C 



Semi' A nthracites . 



vc 



Arkansas No. 5, 
4. Arkansas No. 2. 



Ratio — between i% and 8jf. 
C 



vc 

C 

4.66 
7.96 



Inert. 
Vol. 



Semi'Bituminoits . 

vc 
Ratio — from m to 15^. 
C 

3. Arkansas No. 1 10.00 

55. WestVlrRiniaNo.il 10.55 

51. West Virginia No. 7 10.68 

56. West Virginia No. 5 11.06 

5. Arkansas No. 3 11.41 

54. West Virginia No. 10 11 .63 

50. West Virginia No. 6 13.26 



49. West Virginia No. 5. 

27. Kansas No. 3 

52. West Virginia No. 8. 
26. Kansas No. 2 

28. Kansas No. 4 

48. West Virginia No. 4. 

47. West Virginia No. 3. 

25. Kansas No. 1 

53. West Virginia No. 9. 

29. Kansas No. 5 

4.5. West Virginia No. 1. 

33. Kentucky No. 4 



Bituminous — Class A, 

vc 

— 20^ to 32't. Inert, vol 5< to 10^. 

C 



21.46 


6.33 


25.80 


7.51 


25.18 


7.78 


24.56 


7.88 


28.02 


7.97 


20.89 


8.03 


23.30 


8.22 


26.69 


8.27 


21.02 


8.46 


23.54 


8.75 


29.30 


9.53 


29.63 


9.73 



Bituminous — Class B. 

vc 

— 205^ to 27*^. Inert, vol. 10^ to W. 

C 

20. lowaNo.l 24 74 10.08 

1. AlabamaNo.l 25.56 10.51 

30. Kentucky No. 1 27.11 10.54 

9. IllinoisNo.3 22.50 11.75 

2. Alabama No. 2 25.27 12.77 

24. IowaNo.5 25.66 13.34 

12. Illinois No. 6 21.50 14.83 



Bituminous — Class C. 

vc 

— 32^ to 44i. Inert, vol. 5^ to W. 

C 

87. Mis80uriNo.4 38.61 

46. West Virginia No. 2 32.16 

34. Missouri No. 1 32.05 



7.41 
9.44 
9.53 
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?w. 


Iowa No. 3 


Bituminous — Class D. 

vc 

— 27'* to ii'i. Inert, vol. 10^ to 16<. 

C 


vc 

C 

35.68 


Inert. 
Vol. 

11.23 


17. 
14. 


Indian Territory No. 3. 
Indiana No. 2 




29.86 
32.09 


11.36 
11.44 


16. 
3?, 


Indian Territory No. 2. 
Kentucky No. 3 , 




30.35 
29.64 


11.. 53 
11.76 


15. 
31. 


Indian Territory No. 1. 
Kentucky No. 2 




28.34 
31.59 


11.86 
11.91 


9,3. 


Iowa No. 4 




32.70 


11.93 


13. 


Indiana No. 1 




31.40 


12.00 


35, 


Missouri No. 2 




30.63 


12.12 


21. 


Iowa So. 2 


• 


30.85 


12.56 


7, 


Illinois No. 1 




33.73 


12.77 


8. 


Illinois No.2 




32.96 


12.95 


36. 


Missouri No. 3 




28.61 


13.05 


10, 


Illinois No. 4 




28.30 


13.41 


19. 


Indian Territorv No. 5 




29 28 


13.44 


18. 
11. 


Indian Territory No. 4 . 
Illinois No. 5 




30.54 
29.90 


13.46 
14.15 


40. 


New Mexico No. 2 


Black Lignites. 

vc 

— 21% up. Inert, vol. 16'i to 20-.. * 

C 


33.29 


16.18 


39. 


New Mexico No. 1 




27.10 


16.88 


53. 


Wyominsr No. 2 




32.36 


I'l.OO 


38. 


Montana r^o. 1. . 




28.77 


18.25 


6, 


Colorado No. 1 




29.60 


19.19 


52. 


Wyoming No. 1 




32.27 


19.99 



Brown Lignites. 

vc 

— 27'? up. Inert, vol. £0^ to 30^^. 

C 

41. North Dakota No. 1 

41. Texas No. 1 

42. North Dakota No.2 

44. Texas No. 2 



36.17 
44.20 
28.40 
30.00 



21.09 
22.39 
23.79 
23.90 
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METHODS OF ANALYSIS. 



TOTAL CARBON. 

It is evident from what has preceded that a ready method must be 
available for the determination of the total carbon in coal. Without 
this factor, we have made no progress; with it, we have at hand as 
full information as would come from an ultimate analysis. However, 
if this factor must be obtained by the usual combustion method, we 




Apparatus for "Total Carbon DETERMihATioM. 

Figure 10. 

have made but little advance by the mere development of the above 
ratio. It is proposed to obtain the factor for the total carbon by 
means of the apparatus shown in figure 10. 

Combustion of the coal is effected in a closed bomb as in the cal- 
orimetric process described further on, by use of sodium peroxid/e,. 
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IN MILLIGRAMS PER CUBIC 

CALOUL/^TED FROM .0019641 = WT OF CO, AT 41' LATITUDE 

-- ■ ■ — — „ ' 





720 


7^2 


7^^ 


7.2 6 


7^b 


730 


7^^ 


73^ 


736 


738 


740 


742 


744 


Loy. 


fbZ5 

.68351 


.4839 

.66474 


4852 

.6 S3 96 


4866 

.687/7 


4880 

.68838 


.4893 

.68959 


.4907 

.69080 


.4920 

.69200 


.4934 

.69320 


.49^8 
€9439 


.4960 

.69SSg, 


4974 
.6967/ 


4988 

.69790 


rr 


idOZ 

. 66143 


.4816 
. 66266 


48^9 

.68386 


.4843 

.68509 


4856 

.6863/ 


4370 

.68752 


4683 

.68872 


4891 

.68993 


49/ J 
.69//3 


4924 

.69232 


.4938 

.69352 


495/ 

.6947/ 


.^965 

.69 590 


/2 


47&0 

.67947 


4-7 34 

.66070 


.4808 
.66/92 


.482/ 

.683/4- 


.4834 

.68435 


.4848 

.68556 


4862 

.66677 


4875 

.66798 


4883 

.639/6 


4302 

.69038 


■4-9/5 

.69/57 


4^929 

.69276 


.4942 
.69395 


/a 


^758 

.67746 


.4172 

.67869 


.4185 

.6799/ 


^193 

.66// 3 


.48/2 

.68235 


4-826 

.68356 


.4839 

.66477 


.4653 

. 66598 


4866 

.687/8 


.4880 

: 66838 


.4-892 

.6695/ 


.4906 

.6907/ 


.49/9 
.69/90 


74- 


:4-7.^6 
.67539 


.4-149 

.67662 


.4763 

.67764 

• 


.4116 

.67906 


.4789 

.68026 


4303 
.66150 


48/6 

. 68271 


.4830 

. 68391 


.4843 

.685/2 


.4856 
. 68632 


.4869 

.68746 


4863 

.68865 


4896 

.68964 


/6 


.47/3 
.6733?. 


4121 

67455 


.4140 

.67577 


.4753 

.67699 


.4767 

.67821 


4780 

.67943 


4793 

.68064 


.4807 

.66/85 


4820 

.683/6 


.4833 

68426 


.484G 

.6054O 


.4859 

.68659 


4813 

.68779 


/6 


.4690 

.67119 


.4104 

.67Z4Z 


.47/7 

.67365 


.4730 

.67467 


.4743 

.67609 


4757 

.6773/ 


.4770 

.67853 


4783 

.67974 


.479 7 

.66094 


48/0 
.68215 


.4823 

.68335 


4837 

.68435 


4850 
.68574 


n 


.4667 

.66907 


4681 

67031 


4694 

. 67/54 


4707 

67276 


4720 

.67396 


4734 

.67520 

47// 

.67309 


4747 

.6764 Z 

"4724 

6743/ 


.4760 

.67763 

.47^7 

.67553 


.4774 

.67784 

.475/ 

.67674 


.4787 

. 68O0S 


.4799 
.68119 


4 a/ 3 

.68239 


4826 

.68356 


/a 


.4645 

66696 


4658 

668/9 


.467/ 

.66942 


4684 
.67065 


.4608 

.67/87 


4164 

.677S4 


.4776 

.67903 


.4189 

.68029 

\4l66 
.678/4 


4803 

.63/49 

.4719 

.67934 


/a 


4^22 

.66479 


4635 

.66602 


4-648 

.66726 


4661 

.66643 


4674 

.6697/ 


4687 

.67093 


.470/ 

.672/5 


4714 

.67337 


.4727 

.67'456 


4740 

.67J79 


.4153 

67694 


Zo 


4597 

.€eZ49 


4GW 

.66373 


.46^3 

66496 


.4637 

.66620 


4650 

.66742 


4663 

.6686^ 


4676 

.66967 


4689 

.67/09 


.47 OZ 

.67230 


.47/5 

.6735/ 


4728 

67472 


4742 

67S93 


.4155 

.677/3 


Zf 


4573 

.66020 


.4586 

.66/44 


4593 

.66266 


.4612 

.6639Z 


4625 

.665/5. 


4638 

. 66637 


4652 

.66760 


4665 

.66862 


4678 

.67003 


469/ 

.67/25 


4104 

67246 


41/1 

.67366 


4730 
. 67487 


^n 


455 

.65804 


.4563 

. 65928 


.45 76 

.66 OS 2 


4569 

.65/76 


4G02 

.66299 


.46/6 

. 66422 


46P-8 

.66544 


.4642 

.66667 


.465 5 

.66789 


4668 

.66910 


4680 

.670Z5 


4693 

67/46 


.4706 
.67267 


^3 


45 2 a 

.65570 


4539 

. 65694 


.45 52 

.656/6 


456 b 

.6594Z 


4578 

.66066 


459 i 

.66/89 


4604 

.663/2 


46/7 

.66434 


.4630 
66556 


4645 

.66676 


465b 
.66793 


.4663 

.669/5 


468/ 

6703 S 


Z4- 


4-50/ 

.65329 


.45/4 

.65454 


45Z1 

.65576 


.4540 

.65702 


455 3 

.65826 


.4566 

.65950 


4579 

.66073 


459/ 

.66/95 


4605 
.663/3 


46/8 

.66440 


4630 

.6656/ 


.4643 

.66683 


.465 a 

.66804 


25 


4476 

.65089 


4489 

.65214 


4502 

.65339 


45/5 

.65463 


4528 

.65567 


4541 

.657// 


45 53 

.65834 


4566 
.65957 


4519 

66065 


459ii 

.66202 


i4605 

66324 


46/8 

.66446 


46 3/ 
.66567 


Ze 


445/ 

.64649 


4464 

.64974 


.4477 

.65099 


4490 
.65224 


4'303 
.65346 


45/6 

.65472 


45^9 

.65596 


45A] 

.657/9 


4554 

.65642 


4561 

.65965 


4579 

.6608/ 


.453g. 

.66203 


.46,05 
.66324 




4426 
€4603 


4459 

.64729 


4452 

.64854 


4465 

.64979 


44 78 

.65/04 


4490 

.65228 


4505 

.65352 


45 /G 
.654-76 


4529 

.65599 


454 2 

65722 

45/6 

654^72 


4554 
.65836 


4567 

. 65960 


4573 

.66082 


28 


440/ 
.6435/ 


44/4 

.64477 


ff4 26 

.64603 


4439 

.64-726 


.4453 

.64653 


4465 

.64976 


4477 

.65/ O 2 


44 90 

.65226 


450 3 

.65349 


4528 

.65569 


45il 

.657/1 


4553 

.65833 


;25 


4374 

64094 


4387 

.64220 


^400 

.64346 


44/3 

.64472 


4426 

.64597 


4438 

.64722 


445/ 

.64646 


44G4 

.64970 


44/6 

.6909^4 


44 d 9 
652/7 


450/ 

.65334 


45/4 

.65457 


4527 
.65580 


^0 


4348 

.6J8Z9 


436/ 

.63956 


4373 

.64082 


4386 

.64208 


4399 
.64334 


44/2 

.64459 


4 A '^4 

.64534 


.4437 

.64708 


445 

.64632 


44 G 2 

.64956 


4414 

.65073 


4481 

.65/97 


.4500 

.€53/9 
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TABLE X. 



Determination of Volatile Matter, Sandoval, III., Coal. 



Large BunseD burner 

Flame 20 cm. high 

Plat, crucible, Time 7 min 

Small Bunsen burner 

Flame 20 cm. high 

Plat, crucible, Time 7 min 

Bunsen flame 8^^^ min 

Blast flame 3^ min 

Plat, crucible 

Bunsen flame, 3^ min 

Blast Hame 3^ min 

Porcelain crucible in special furnace 



J 
~1 



Highest 37.21 percent. 

Lowest 35 Jl 

Variation l .50 

Average of eight 36.52 percent. 

Highest 36.73 percent. 

Lowest J5_69 

Variation 1 .04 

Average of eight 36.13 percent. 

Highest 37.78 percent. 

Lowest 36 53 

Variation 1.25 

Average of fourteen 37.13 percent. 

Highest 37.35 percent. 

Lowest 36.69 

Variation 66 

Averagje of nine 37.10 percent. 



From this table it appears feasible to replace the expensive plati- 
num crucible with one of porcelain. The serious deterioration of 
platinum under the combined effect of red-hot carbon and sulphur 
makes this end a very desirable one, even if there were no advantage 
in the results. On this latter point there is much to be said in favor 
of the porcelain crucible. The initial heating up is somewhat more 
gradual. A bright red is very easily reached and evenly maintained 
and especially is it true that the full effect of the heat is exerted on 
all sides, completely enveloping the crucible. 

The form of apparatus is shown in the accompanying figure. 
(Fig. 11.) 

First, as to the lamp: This simple form of blast lamp has been in 
use in this laboratory for the past seven years, and has proved itself 
of such general utility as to merit a brief description. 
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It consists essentially of a Bunsen burner with the blast entering 
at the usual inlet for the gas, and the gas entering through a side 
tube attached where the air is ordinarily admitted. The air is dis- 
charged through a tip with circular opening 1^ mim. in diameter, and 
is so adjusted as to come about even with the lower side of the gas 
inlet tube. A wire gauze is inserted in the tube about two-thirds of 
the way towards the top. The lamp is especially adapted for use 
with blast of constant pressure. By adjustment of the air it may be 
made to bum with a common Bunsen flame. In connection with the 





cokimg furmace 
Figure 11. 



furnace it is allowed to burn for the first 3^ minutes as a strong 
Bunsen flame of 12 inches when burning free. During the second 
period of 3^ minutes it bunife as a blast lamp. The combustion, how- 
ever, leaves the tip of the lamp and takes place entirely within the 
chamber underneath the crucible. In this way an excessive amount 
of fuel may be forced into a small space by the jet action of the blast. 
The combustion taking place in this chamber and the hot gases 
being turned downward to escape through the annular space at the 
side, a very intense heat is quickly attained. 
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A cross section is shown through the furnace in figure 12. 

The base B rests on a cast plate with an opening 1^ inches in 
diameter. The crucible rests on a triangular support which permits 
of the free passage of the gases, part of which may escape through 
a small oj)ening in the top of O, but mostly they are required to 
travel downward between the two walls and escape at the lower edge 
of R. 

A common glazed crucible of Royal Berlin Porcelain No. 00 is 
used. Crucibles as true as possible are selected, with well fitting 
covers, and these are ground with emery powder until the lid touches 




Section Thru Furnace. 



Figure 12. 



at all points. Crucibles may be used many times, but if warping 
occurs the covers may require regrinding — not a difficult matter and 
easily accomplished by hand in five or ten minutes. 



SULPHUR. 

We come now to sulphur, a constituent having more importance 
than is usually ascribed to it; this is especially true of western coals, 
in which this element varies from 1 per cent to 5 per cent. One of 
its characteristics, and by no means the least, is the part it plays as 
a disturbing element in nearly all the determinations in coal analysis. 
The Eschka method is satisfactory, but heat other than from a gas 
flame must be used. There is still some question as to the likelihood 
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of sulphur being left in the residue, and also as to the necessity of 
dehydrating the silica. The use of sodium peroxide as an oxidizing 
agent has received considerable attention, but the violence of the 
reaction has brought disfavor upon the method. However, by means 
of a closed bomb, as in the Parr calorimeter, there has .been fully 
demonstrated the practicability of using sodium peroxide for this 
purpose. Indeed some years ago, Mr. Milton Hersey of Montreal, 
Canada, in a communication to the author reported the very satis- 
factory use of the residues from the calorimetric process for gravi- 
metrically determining the sulphur. Later articles by Sundstrom* 
and by von Konekf have advocated the same method. 

It is not my purpose now to enter into a discussion of this phase 
of the matter, but simply to emphasize the fact of the completeness 
of the oxidation, which has been verified very many times by the 
writer. 

Coupling the sodium peroxide method of arriving at a combustion 
with the photometric method proposed by Mr. Hinds,t there seem to 
be possibilities well worth investigating. The work with the photo- 
meter, however, either as outlined by Mr. Hinds, or as elaborated by 
Mr. Jackson,§ was not found satisfactory. A careful study was made 
of the variable elements that entered into the proposition. The 
method prescribed a candle of standard power, maintained at a defi- 
nite distance from the bottom of the graduated tube in which was 
read the depth of liquid through which the outline of the candle 
flame could be seen. It was soon found that the strength of the light 
had little to do with the matter. A stronger light would illuminate 
the liquid to a corresponding degree and cause the outline of the 
candle flame to disappear at about the same depth as a lesser light 
with a less illumination of the liquid. As between a common candle 
and a forty candle power acetylene light there was no marked diflPer- 
ence. Indeed, the greatest diflerence was noted when the diffused 
light was cut out by diaphragms, in which case the light could be 
seen through a greater depth. An extreme illustration of this fact 
was afforded by completely blackening an incandescent light bulb 
and then cleaning a small spot to show a short length of the glowing 
filament. This bit of filament, which afforded no illumination to the 
liquid, could be seen through a very much greater depth than was 
the case with an ordinary candle, though its power was far below the 
standard. Other disturbing conditions related to the method of pre- 

* Jour. Amer. Chem. Soc. XXV., 184. 
t Zeit. fnr. Ang. Chem., 1903, p. 517. 
t Jour. Amer. Chem. Soc, XXIII, 269. 
§ Jour. Amer. Chem. Soc. XXIII, 799. 
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Fig. 13. Photometer for sulphur determinations. 
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cipitation, whether hot or cold, whether the barium salt was added 
in the solid or the liquid state, whether readings were made at once, 
or on standing, or whether precipitations made in the cold were sub- 
sequently heated or not. The control of the conditions regarding 
the light has been accomplished with a greatly modified apparatus 
in the following manner, as shown in Fig. 13. 

The tube graduated in millimeters is placed in a receptacle having 
a little clear water in the bottom. The flask is placed on a square of 
glass resting on a carbon plate about | of an inch thick and having a 
J inch hole in the center. The plate is adjusted about 8 inches above 
the flame of a common candle. It will be noticed that the reading 
tube has a round bottom. This is carefully blown, of clear glass 
without flaw, and ground on the outer surface; the whole when 
immersed playing the part of a lens. By this arrangement, together 
with the diaphragm effect of the hole in the carbon plate, a pencil 
of light is secured with the minimum amount of illumination being 
imparted to the liquid. Moreover, instead of the varying and indefi- 
nite outline of a candle flame there appears a steady compact point 
of light. The end reading is thereby rendered sharp and definite. 
It is interesting to note that precipitations made with the barium 
salt in solution, or with the sulphate solution hot, transmit the rays 
from the candle as white light, while in the case of precipitations 
made with the crystals of the salt, the red rays only are transmitted, 
the illumination of the liquid is in this way still further reduced, and 
the sharpness of the end reading is thereby promoted. To secure 
concordant results, definiteness of precipitation must be obtained. 
This is accomplished by adding the barium salt to the 100 cc. of 
solution at room temperature, and after dissolving completely, heat 
on the water bath to about 70°. Let stand for half an hour and 
bring to the room temperature, when it is ready to transfer to the 
photometric tube for reading. With this device it has been neces- 
sary to work out a new table. (Table XI.) The conditions are 
purely empirical, but not arbitrary within reasonable limits, except 
as to the size of the hole through the plate and the method of pre- 
cipitation. The table has been developed directly from a standard 
solution of potassium sulphate having 0.5438 grains dissolved in a 
litre, thus containing 0.0001 grams of sulphur by weight per cubic 
centimeter of solution. 

With this form of apparatus, the facility with which the sulphur 
determinations may be made has enabled us to undertake an ad- 
ditional factor in the case of each sample, viz., the estimation of the 
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amount of sulphur remaining in the coke after the volatile matter has 
been driven off. The coke is pulverized and burned with sodium 
peroxide in the calorimeter bomb as usual, and the sulphur deter- 
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mined in the residue by means of the. photometer. Having deter- 
mined the total sulphur in the coal, the difference between these two 
factors represents the volatile sulphur. In the analytical tables iit 
the end these divisions are obser%'ed throughout. 
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Results from use of this method as above outlined, in comparison 
with those obtained under standard conditions, are shown in 
Table XI. 

TABLE XI. 

Showing Percentages of Sulphur. 



Illinois Coal. 



Washings from 

Mahler Bomb. 

(Percent.) 



Residues from Pan- 
Calorimeter in 
Photometer. 
(Percent.) 



1. 
2. 
3*. 

4. 
5. 
6. 
7. 
8. 



Odin, pea 

St. John's, lump 

Pana, slack 

Danville, lump 

Kidgely, pea 

Bloomington, lump 

Spring Valley, washed, 
Elmwood 



2.30 


2.17 


1.55 


1.65 


4.03 


4.04 


2.16 


2.31 


4.00 


4.01 


2.57 


2.68 


3.04 


3.20 


1.53 


1.61 



CALORIFIC VALUES. 

1st. By calculation : Many attempts have been made to develop 
a reliable formula for calculating heat values from analytical data. 
The formula of Dulong is the most reliable and is recommended by 
the committee of the American Chemical Society in the following 
form, 8080C + 34460 (H — ^) + 2250S.* The variations between 
the observed calorific values and the calculated values as shown in 
Mahler's tablesf range from + '6 per cent to — 8 per cent, though the 
averages of numerous results are much closer. 

The variations in the work of Lord and Haas above referred to are 
not so great, ranging from + 2 per cent to — 1.8 per cent. Kent| 
has used the factors 8 and 5 times the available hydrogen derived 
from ultimate analysis to indicate (when subtracted from the total 
carbon) the amount of fixed carbon, and to the various percentages 
of fixed carbon he has assigned certain calorific values. His results 
while interesting seem to show greater conformity in the case of 
eastern than of western coals. 

Possibly quite as good as any method of calculation would be the 
one already partially suggested in the discussion concerning the de- 
rivation of the factor for available hydrogen by means of the curve. 
The results in the one hundred samples listed in table VI, compare 
favorably with the hydrogen from ultimate analysis. Indeed, there 
are some reasons for giving the preference to the proposed method of 
using the curve for obtaining this factor. According to this plan the 
formula would be modified thu^: 

Cal. = 8080 C + 34500 (H from curve) + 2250 S. 

* Jour. Amer. Chem. Soc. XXI., 11.30. 

t Contribution a I'Ktnde des combustibles. MahJer, 1892. 

t Trans. Amer. Inst. Min. Eng., XXVn.,9'18. 
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Concerning calculations in general, however. It is well to quote 
Mahler,* who saysi "We cannot give a general formula depending 
strictly on the chemical composition which will give the calorific 
power of substances so complex and varied:" or Poole, who saysif 
"If possible, by all means, have a calorimetric test. If not possible 
use the best analysis available." 




Figure 15-PARR CALORIMETER. 

2nd. By observation: The calorimeter devised by the writer has 
met with very general favor and is now widely used both in this 
country and abroad. It is too well known to call for detailed de- 
scription here. However, a few modifications and improvements 
have been made and since it has been used in the accompanying re- 
sults and also in comparison with quite a list of determinations with 
the Mahler-Atwater apparatus, a brief reference is here given. 

Figure 15 shows the relative positions of parts. The can A.A. for 

• As quoted by Poole, The Calorific Power of Fuels, p. 10. t /Hd- 
—5 G S 
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the water has a capacity of 2 litres. The insulating vessels B.B. and 
c.c. are of indurated fibre. The charge of coal and chemical are put 
in the cartridge D. Upon ignition, the heat generated is imparted to 
the water and the rise in temperature is indicated on the finely grad- 
uated thermometer T. The cartridge or bomb rests on the pivot F 
and is made to revolve, thus by aid of the small turbine wings at- 
tached effecting a complete circulation of the water and equalization 
of temperature. 

The reaction accompanying the combustion may be represented by 
the equation: 

56Na^02 + C25H18O3 = 25 Na^COg + 18 NaOH + 22 Na^O 

Sod. perox. Coal Sod. carb. Sod hydrate Sod. oxide 

With certain substances such as coke, anthracites, petroleums, etc., 
a more strongly or vigorously oxidizing medium is needed than exists 
in the peroxide alone. This may be secured by various additions. 
The most effective are: — a mixture of potassium chlorate and nitrate 
in the proportion of 1 to 4 and this mixture used in the ratio of 1 to 
10 of the sodium peroxide ; another effective mixture is an addition of 
potassium persulphate in the ratio of 1 to 10 of the sodium peroxide. 
Other substances facilitate the oxidation, notably ammonium salts 
and certain organic substances, as tartaric or oxalic acid, benzoic acid, 
etc. In the work on Illinois coals, while ordinarily no extra chemical 
woidd be necessary, still in certain cases such as extra slaty coals and 
coals with excessive volatile matter, and also to guard against varia- 
tions in the quality of the sodium peroxide, a mixture as first de- 
scribed above, of chlorate and nitrate, has uniformly been used 
throughout these tests. 

One peculiarity in the behavior of the combustion has been im- 
proved by the above mixtures. This behavior is probably due to the 
fact that there is a tendency on the part of the particles of coal in 
immediate contact with the metal, which is kept cold by exterior con- 
tact with the water, to escape action of the chemical. A further im- 
provement in this particular is effected by a modification of the bomb 
as illustratec' in the accompanying figure (Figure 16). The air space 
about the lower part of the bomb prevents direct contact with the 
water. However, upon ignition this enclosed air expands and part of 
it is driven out through the holes below. Later as cooling and con- 
traction occur the water is drawn into the air space and rapid cooling 
is effected, but the period of high temperature for the interior reaction 
has been prolonged from a few seconds to a half minute or more. 
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Other advantages are secured, notably the avoidance of screw threads 
on the interior or other opportunity for material to lodge and cause 
stickiug or difficult removal of the ends. 



Calorimeter Bomb 



TABLE XII. 

Comparison of Calorific Factors. 



Calcilation- 
r 8080 C + 34-100 
I ■■H" -2250 S. 



A Itloom in Eton, lump ! ft">68 «.V» , fifl6.t 

B Cane rvllle. washed ir.i 71»r. 7IW1 

C .Dunvtile. lump.... 6797 KTffi 6712 

n .Klmwood, lump 7a'iO C9Bti 702.1 

K Mowefliiua, lump , w.i2 fii:i"i iiiho 

F Odin, pea fi«- nr.i ly-m 

G ,Pana. slack S-tB:i XiKl :mi 

H IRldeeley. pea sb;* .■.%4 ma' 

1 ,St. John. lump. fi9l7 fiflil r.iu 

J .SprinR Valley, washed ., BLW W109 iivSH 

In Table 12 nre givi^n ri'snlls with this iipparatus iti comparison 

with the readings obtiiinc<l by use of a Mahler-Atwfiter apparatus- 
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In the third column as already indicated under "Calorimetric Values 
by Calculation" are given results obtained by use of the formula 
S080 C + 34500 (H) + 2250 S in which "H"' is the i>ercent^e of 
available hydrogen as indicated by the curve in Fig. 8. The values 
are given in calories per kilo, (Cal. per kilo X ],K = B,T,U. per 
pound). 

The ultimate analyses which have served as the basis for some of 
the preceding calculations are embodied in Table VIII. There is 
also included the proximate analyses and a comparison of values 
btained by the old and new methods. Results are given throughout 
in per cent. 

TABLE XIII. 





iLl.tNOia COAL. 


Proximate ANAt-Yais. 
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The samples for Tables XIV and XV were collected between Feb. 
8th and June Hth, 1004. These were obtained at the mines from the 
surface of car lots as made ready for shipment to the consumer. 
Amounts varying from 40 to 50 pounds were taken and shipped in 
sacks to the laboratory. In general one sample of lump or screened 
nut and one of screenings or slack was procured from each mine. 
The term "slack" has been uniformly applied where the material 
included all that passed through a 1^ inch screen. 

Imme<liately upon receipt of the material it wa.s reduced by quar- 
tering in the usual manner. A check sample, buckw-heat size, was 
taken, another part was ground to pass through a 100 mesh sieve and 
each was sealed in a "lightning" fruit jar. The analytical results are 
given in per cent. The calorific values are given in British thermal 
units per pound of actual coal as represented by the samples and also 
ill calories per kilo of actual coal. 
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In Table XIV the results are given first with reference to the air 
dry CMDndition, it being impossible, owing to the method of transmis- 
sion, to determine the factor for water lost on air-drying, and thus 
calculate to the wet coal condition. On the right-hand page, the 
results are calculated first to the dry (oven dry) condition; and 
second, to the pure coal (ash and water free) state. 

Table XV has been arranged from Table XIV, giving the results 
as logically resulting from our discussion as to the desirability of 
expressing the volatile matter under two headings, viz.: the Inert 
Volatile Matter and the Volatile Combustible, this latter term having 
its true meaning and not including anything but material actually 
capable of burning. 
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TESTS WITH ILLINOIS (X)ALS UNDER STEAM 

BOILERS. 

(By L. P. Breckenridge.) 

The following is a brief review of a number of boiler trials with 
various Illinois coals made by the Mechanical Engineering depart- 
ment of the University of Illinois. The tests were made at the 
different power plants of the University and neighboring towns. The 
conditions under which the tests were made were usually those ordi- 
narily obtaining at the different plants, and it is fair to assume that 
they represent average conditions throughout the State. The tests 
were made by students of the department, sometimes for instructional 
purposes and sometimes for investigational purposes as thesis work. 

The coals used were for the most part those in common use at the 
plants, although in some cases special coals were used to obtain their 
evaporative eflSciency under a boiler. There were thirty-five different 
coals tested, representing fourteen counties of the State. 

The following types of boilers were used in these trials : 

(1) Stirling water- tube boilers 2 setting's. 

(2) National water-tube boiler 2 

(3) Heine water-tube boiler 1 

(4) Babcock and Wilcox water-tube boiler 8 

(5) Horizontal tubular boiler 11 

The settings of these boilers included the following: 

One Murphy smokeless furnace. 

One Roney automatic stoker. 

Two Green chain grate stokers. 

One Babcock and Wilcox chain grate stoker. 

One Brightman stoker. 

All other tests were made with hand-fired furnaces and plain or 
rocking grates. 

The results of these tests are shown in Tables 1 and II, the tests 
being arranged according to the counties in which the coals were 
mined. Table I gives the conditions under which the tests 
were made. Table II gives some of the more important 
results. The headings need no special explanation. Where a series 
of tests was made with the same coal under like conditions, the aver- 
age of the series is reported together with the number of tests in the 
series. Where assumptions were made, they have been indicated in 
the tables. 

A more detailed report of these tests may be found in Bulletin No. 
7 of the Engineering Experiment Station of the University of Illinois, 
which also contains the chemical analysis and heating values of Illi- 
nois cotds. 
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